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developing their renewable energy sources [1-9] to reduce their dependence on fossil sources and also to 
reduce local energy bill in profit of international market.  Algeria is not an exception. 
The objective of this study is to determine which distribution law fits the measured wind speed data in the 
region of  Bechar and Tamanrasset.  
Gamma, Lognormal, Normal and Weibull, have been used to fit the data so it is easy to predict the power 
density in this area. 
2. Wind data source  
Wind speed data are collected from the stations of the National Meteorological Office available on the 
sites of Bechar and Tamanrasset. The records for both sites are from 1987 to 2002 (18 years data).  The 
measurements are made at 10 meters high. The minimum speed recorded should be equal or above 0.5 
m/s and wind speed is averaged over three hours. 
3. Probability distributions 
3.1 Normal density function  
The probability density function for the normal distribution with mean P and standard deviation V  is 
generally written as: 
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3.2 Normal density function  
The probability density function of a log-normal distribution is: 
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This follows by applying the change-of-variables rule on the density function of a normal distribution. 
 
3.3 Gamma density function  
The probability density function of the gamma distribution can be expressed in terms of the gamma 
function parameterized in terms of a shape parameter Į and scale parameter. The equation defining the 
probability density function of a gamma-distributed random variable x is 
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Where Į and Ȝ are respectively the shape and scale parameters  
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3.4 Weibull density function  
Weibull probability function is the most used distribution in wind energy studies.  However in this paper 
we use more than one distribution. The Weibull function is two parameter functions used to estimate wind 
speed frequency distribution. It is defined as [4]: 
])/(exp[)/)(/()( 1 kk cvcvckvf         (4) 
Where )(vf  is the Weibull probability density function with the probability of having a wind speed of Ȟ.  
k : is the shape factor is (dimensionless), and c  (m/s): is the scale factor. 
The mean speed is given by [2]: 
)/11( kcv *           (5) 
 * : is the gamma function 
4. Methodology and analysis 
4.1 Weibull parameter estimation using least squares parameter estimation: 
After arranging the data from smallest to largest we obtain their median rank plotting position by [1]: 
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Now by plotting different values of ln{ ln[1 ( )]}i iY F v    against ln v , a straight line with slope k 
and intercept lnk c is obtained, using least squares.  We can find:   
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x The Weibull shape parameter (c)[1]: 
a
kc e
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Where the parameter (a) is calculated using: 
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4.2 Weibull parameter estimation using “the Quick Method”: 
From multiple observations we have found that for a large sample of wind speed measurements the 
shape and scale parameters can be estimated very accurately if we compare the estimation with the result 
that can be obtained using the more complicated and robust method of maximum likelihood estimators 
(MLE) [1]. 
The “quick method” requires first to calculate the arithmetic mean wind speed, for a given large sample 
of wind measurements using [1]: 
N
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Then calculate the sample standard deviation using [1]: 
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Where vi is the actual wind speed measurement i, N is the total number of wind speed measurements and 
v  is the arithmetic mean wind speed. 
The shape parameter (k) can be calculated as [1]: 
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The scale parameter (c) is calculated as [1]: 
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4.3  Weibull parameter estimation using maximum likelihood estimators   
Maximum likelihood estimation works by developing a likelihood function based on the available data 
and finding the values of the parameter estimates that maximize the likelihood function. The basic 
concept is to obtain the most likely values of the distribution parameters that best describe a given data. 
This can be achieved by taking the partial derivatives of the likelihood function with respect to the 
parameters, setting the resulting equations equal to zero, and solving simultaneously to determine the 
values of the parameter estimates.  
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The software MATLAB has a built-in function that easily calculates the Weibull parameters using 
maximum likelihood estimation. The function “weibfit” estimates the parameters for a given input data 
vector [1].  
After identifying the parameters of each probability distribution, it is easy to draw curves showing 
predicted wind speed distribution against real values (Fig.1 and Fig.2), but simple visual examination will 
not lead to an objective conclusion of which law gives good agreement so it is mandatory to pass to 
quantified criteria which is in this case the Ȥ2 test. 
5.  Results and discussion  
Wind characteristics of Bechar and Tamanrasset have been analyzed statistically. Wind speed data 
were collected for a period of eighteen years. The probability density distributions and power density 
distributions were derived from the time series data. Four probability density functions have been fitted to 
the measured probability distributions on a monthly basis, based on the Weibull, lognormal, gamma law 
and normal models. The Weibull distribution gives a good fit to the observed wind speed data. The 
number of days the wind power density is more than the annual mean wind power density is about 31.4% 
of the year.    
 
 
 
 
Fig.1. Weibull distribution for Bechar (adjustment at 10 m) 
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4.4746/3.7697, respectively. Empirical correlations were also developed to estimate distribution 
parameters. The Weibull distribution is fitting the measured probability density distributions better than 
the other three distributions for the whole period. The Weibull distribution provides better power density 
estimation. The number of days the wind power density is above the annual mean wind power density is 
about 31.4% of the year. This work is just a preliminary study in order to estimate wind energy analysis 
of the region. Deeper investigation is required for industrial purpose. 
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